In this study, a model for recognition degree of refuge areas by Kyoto City residents in post-earthquake fire event was developed based on the data obtained by an interview survey. When a large earthquake hits a city in Japan, a tremendous number of evacuees may wander around in urban area escaping from hazards due to conflagrations following the earthquake. We have been developing a simulation model for city evacuation of residents in post-earthquake fire as a tool to evaluate effectiveness of evacuation safety measures. For the further refinement, it is important to accurately estimate evacuation destination of residents considering bias of recognition degree of refuge areas. The interview survey was carried out at 104 spots on busy streets in Kyoto City and replies from 2,267 residents were collected from 1 September 2009 to 30 November 2009. In the interview, the names of open-spaces recognized as evacuation destination were asked having the subjects imagine that conflagrations had taken place in urban area. The governing factors of recognition degree of refuge areas were identified and evacuation destination of residents was formulated by adopting a probabilistic model.
NOMENCLATURE LISTING

INTRODUCTION
When a large earthquake hits a city in Japan, a tremendous number of evacuees may wander around in urban area escaping from spread of fire following the earthquake, which often involves thousands of buildings. For ensuring residents' safety from the fires, it is essential to implement effective evacuation safety measures in advance. As one of the measures, existing open-spaces in urban area have been designated by local government of Japan as the refuge areas against conflagrations following a major earthquake. For validating the effectiveness of such measure, i.e., whether the refuge areas are able to accommodate all of the potential evacuees, it is important to predict a big picture of city evacuation in expected post-earthquake fire scenarios.
We have been developing an agent-based model for city evacuation of residents in post-earthquake fire. The model has been validated by reconstructing the evacuation in the Kanto Earthquake Fire in 1923, where the spatial distribution of fatalities calculated by the model was similar to the survey report [1] [2] . It is reported that evacuees selected well-known spacious parks as their destination among several options at that time; for example as many as 400,000 evacuees gathered at Imperial Palace Park in Tokyo City. However in the simulation, such difference in the recognition level among the refuge areas was not considered, i.e., residents recognized all of the refuge areas as the potential destination. In order to predict the evacuation behavior more reasonably, it is essential to incorporate effect by bias of recognition degree of refuge areas.
Several researches regarding evacuation destination of residents in post-earthquake fire have been carried out. They are classified into two groups in terms of research methodology: (1) analysis of the existing data regarding the past evacuation case [3] ; and (2) questionnaire survey on residents' attitude [4] . The advantage of these researches is to provide the basic data regarding the evacuation destination of residents in the target area. However, there is a difficulty that decision structure of evacuation destination due to recognition degree of refuge areas is not discussed and the data is not available for the simulation by the present model. Thus, it is essential to develop a method which can predict evacuation destination of a resident considering recognition degree of refuge areas.
In this study, a model for recognition degree of refuge areas by Kyoto City residents in post-earthquake fire event was developed based on the data obtained by an interview survey. In this paper, the survey data was analyzed to identify the governing factors of recognition degree of refuge areas. Then the recognition degree was formulated considering the factors and validated by using the survey data.
INTERVIEW SURVEY TO KYOTO CITY RESIDENTS
The refuge areas against conflagrations designated by local government of Kyoto are listed in Table 1 , whose locations are indicated by box symbols in Fig. 1 [5] . Note that the capacity of the refuge area is calculated by dividing available area for evacuation by the area required by one evacuee which is assumed to be 2.0m 2 . The number of the refuge areas in Kyoto City is 67 and all of them ensure more than 1ha area available for safe evacuation from radiant heat from fires. Several historical open-spaces, such as Imperial Palace Park of Kyoto, Nijo Castle, Kinkakuji Temple and Ninnaji Temple, are also included among the designated refuge areas. One of the features of their locations is that many of them are located along the rivers and skirts of mountain and few of them are inside densely-built area.
Outline of Survey
The outline of the interview survey is shown in Table 2 . The survey was carried out on the streets of Kyoto City in the daytime from 1 September 2009 to 30 November 2009. The number of the spots where the interview was conducted was 104, whose locations are indicated by circle symbols in Fig. 1 . The interview spots were allocated on busy intersections at roughly 500m intervals in the area bounded by Higasiyama , and 5 subjects at each category were selected for avoiding the bias of sex and age. As a result, the number of the interviewed residents was 2,276. The breakdown of the interviewed residents is shown in Table 2 , where proportion of old residents over 65 was relatively large. The number of the interviewed residents at each interview spot was in the range from 10 to 33, and the mean value was 21.8. Especially near the tourist site and business district, majority of the subjects were visitors for sightseeing and business, so that the interviewed residents were few.
Details of Interview
The flow of the interview is shown in Fig. 2 with the orally-asked questions. The questions to the subjects consist of two parts: (a) question on evacuation destination; and (b) question on attributes of the subject. The procedure of the interview is described as follows:
1. Two pictures of the conflagration scenes in Kobe Earthquake in 1995 were shown to the subject in order to make all the subjects share common image for the fire. Then we requested the subject to imagine the situation that conflagrations had taken place in urban area and buildings around the interview spot were burning.
2. Assuming that the subject had to evacuate from the interview spot to a refuge area in urban area, the name or location of the destination was asked to the subject without showing any information about the refuge areas. In addition, the following questions were asked: (a) the time required to reach the destination on foot from the spot; (b) the direction of the destination from the spot; and (c) the reason of the choice.
3. The above question was repeated until the subject answered 5 destinations at a maximum. Then, the attributes of the subject such as the sex, age and duration of residence in Kyoto City were asked to complete the interview. 
Results and Discussion
The answers obtained by the interview survey were analyzed and the factors governing the recognition degree were identified. If the required time or the direction answered by a subject had large error even though he answered the name of the refuge area correctly, it was deemed that the subject did not recognize the refuge area correctly.
Contribution Degree by Duration of Residence
The subjects were classified in terms of duration of residence as shown in Table 3 , where duration of residence was categorized into Six levels: (a) within 1 year; (b) within 1 to 5 years; (c) within 5 to 10 years; (d) within 10 to 20 years; (e) within 20 to 40 years; and (f) within more than 40 years. The value in parenthesis in Table 3 corresponds to the proportion to the total number at each level (rightmost column). The number of the subjects who could not answer any refuge areas correctly was 1,209, which amounts to 53% of the total number of the subjects. On the other hand, the number of the subjects who could answer at least one refuge area correctly was 1,058. However, note that most of the subjects could recognize only one refuge area. The proportion of the subjects who could not answer any refuge areas correctly was the highest at the levels (a) within 1 year and (b) within 1 to 5 years. The proportion decreased with increase in duration of residence, though the influence of duration of residence was not remarkable. 
Asymmetry of Recognition Sphere
The top 10 refuge areas which obtained the most answers are shown in Fig. 3 . Imperial Palace Park of Kyoto was the most, followed by Nijo Castle, Umekoji Park and Kyoto University Ground. All the top 10 refuge areas are located in the area bounded by Higasiyama Mountain, Uji River and Katura River. Among the refuge areas, Imperial Palace Park of Kyoto was selected as study refuge area and recognition sphere of it was analyzed. The proportion of the subjects who named Imperial Palace Park of Kyoto at each interview spot is shown in Fig. 4 , where the size of the circles corresponds to the proportion. The proportion was higher as an interview spot is closer to Imperial Palace Park of Kyoto. The proportion basically decreased with increase in distance even though the values varied depending on direction. In Fig. 4 , the proportion at the interview spots along Marutamati St. (dotted line A) and Imadegawa St. (dotted line B) are also illustrated by linegraphs, which run east-to-west tangent to southern and northern edge of Imperial Palace Park of Kyoto. Focusing on the interview spots along Marutamati St. and Imadegawa St., the subjects who named Imperial Palace Park of Kyoto were concentrated on the west side of Kamo River which runs north-to-south between Kawaramati St. and Kawabata St., and decreased suddenly at the spots across the river to the east. It is conceivable that geographical gap, such as river which lies between a refuge area and a resident, induces some psychological resistance and affect the choice of the refuge area. Almost all of the subjects who named Imperial Palace Park of Kyoto were distributed in the area within 2km from the refuge area. However there were a small number of exceptions which still named despite of larger distance to the refuge area. The contributing factors of this are as follows: (1) Imperial Palace Park of Kyoto is included in the range of living activities of the subjects; and (2) recognition sphere of Imperial Palace Park of Kyoto as evacuation destination is much broad. 
MODEL FOR RECOGNITION DEGREE OF REFUGE AREAS BY RESIDENTS
The schematic of the recognition model of refuge areas by Kyoto City residents is shown in Fig. 5 . In the model, the probability that a refuge area is recognized as evacuation destination by a resident in postearthquake fire situation P R (the recognition probability) is defined.
Recognition Probability
Formulating the recognition probability P R , the following hypothetical quantities were assumed: (A) potential of a refuge area Φ; and (B) threshold of a resident Θ. As the potential of a refuge area Φ exceeds the threshold of a resident Θ, the refuge area is assumed to be recognized as evacuation destination by the resident:
where the potential Φ and the threshold Θ are the random variables. The potential Φ corresponds to the hypothetical value for mathematically formulating the decision structure of evacuation destination, and the larger the value of the potential Φ, the easier the refuge area is recognized. In the model, the potential Φ is assumed to be the specific value of each refuge area and is expressed as follows: 
where α 1 , α 2 , α 3 , α 4 are constant, t is the duration of residence (year), s is the direct distance between a refuge area and initial location of a resident (m), and d is the dummy variable whose value is 1 if there is a gap interrupting evacuation between a refuge area and a resident, otherwise 0.
The recognition probability P R is given as follows from Eq. 1:
where P(A) is the probability that event A arises, and F is the cumulative distribution function of
In the model, the fluctuation components j Φ′ and ij Θ′ are assumed to independently vary according to Gumbel distribution. The cumulative distribution function of random variable X according to Gumbel distribution F(x) is expressed as follows:
where a and b are constant. When independent random variables X 1 and X 2 are according to Gumbel distribution where a is equal to 0 and b is equal to 1, the cumulative distribution function of X 2 -X 1 is known to be given as follows:
Thus the recognition probability P R expressed by Eq. 5 is rewritten as follows:
Validation of Recognition Model
The unknown parameters included in Eq. 8 were estimated by using the survey data, i.e., (1) 
where β is the matrix of unknown parameters, and L is the likelihood function. The function L is defined as the probability that the data observed by the survey arises simultaneously and is expressed as follows:
where i is the identification mark of a subject, M (= 2,267) is the number of the subjects, N i is the number of the refuge areas recognized as evacuation destination by a subject i, and N R is the number of the refuge areas whose potentials are estimated by maximum-likelihood method.
In this analysis, N R was set as 31 refuge areas which were answered correctly by more than 5 subjects. As to the rest of the refuge areas (= 36), the non-fluctuation components of the potential were predicted by using the regression model developed based on the estimated results by maximum-likelihood method. The gaps interrupting evacuation were set by the rivers, railways and mountains of more than 40m width.
Estimated Results of Potential
The estimated values of the potential by maximum-likelihood method are shown in Fig. 6 , where the refuge areas were classified into five categories: (a) park; (b) school; (c) river; (d) historical space; and (e) other. Note that the potential is relative index so that the value may be either positive or negative. Approximate curves for each category were obtained as follows: where S is the site area of a refuge area (ha), and R is the correlation coefficient. As a result, the estimated values of the potential were positively correlated with the site area S. However there was poor correlation between both variables for refuge areas categorized in "river". The estimated values of the potential for all the refuge areas are listed in Table 4 , and visualized in Fig. 7 . In Fig. 7 , the height of the bars corresponds to the estimated values of the potential. The potential was estimated to be the highest for Imperial Palace Park of Kyoto, followed by Nisikyogoku Atheltic Park, Takaragaike Park, Umekoji Park, Nijo Castle and Kyoto University Ground. Especially the values of the potential of Imperial Palace Park of Kyoto and Nijo Castle are high because they are the important touristic/cultural symbols of Kyoto City. Such high-potential refuge areas concentrate in the central area of Kyoto as shown in Fig. 7 . So in post-earthquake fire, many residents in this area may recognize evacuation destination at high probability. However, it is concerned that a large number of evacuees may concentrate on a single refuge area depending on fire spread condition. Thus, the refuge area may not be able to accommodate all of the evacuees. On the other hand, in the western area where high-potential refuge areas are rare, many residents may wander around in urban area without recognizing evacuation destination. So it will be required that some organizations such as firefighters and police officers guide the residents to neighboring refuge areas in post-earthquake fire situation. 
Estimated Results of Threshold
The constants regarding the threshold ( ) The constant regarding the duration of residence α 1 was estimated to be negative. This implies that the longer the living time in urban area, the lower the threshold Θ (the higher the recognition probability P R ). The constant regarding the direct distance between a refuge area and initial location of a resident α 2 was estimated to be positive, i.e., increase of the distance s elevates the threshold Θ (reduces the recognition probability P R ). The constant regarding the gap interrupting evacuation α 3 was estimated to be positive, so the gap is thought to induce some psychological resistance and affect the choice of the refuge area.
CONCLUSION
In this study, recognition degree of refuge areas by Kyoto City residents in post-earthquake fire situation was modeled by introducing new concepts: potential of a refuge area Φ and threshold of a resident Θ, which are the hypothetical quantities to mathematically formulate the decision structure of evacuation destination. Firstly, the interview survey was carried out on 2,267 residents in Kyoto City, and the following factors were identified as the governing factors of recognition degree of refuge areas: (1) duration of residence; (2) direct distance between a refuge area and a resident; and (3) geographical gap interrupting evacuation. Then, recognition degree of refuge areas was formulated considering the factors and the model was validated by using the survey data.
The potential Φ and the threshold Θ could be quantified though sufficient validation of the values is difficult, so that it became possible to predict evacuation destination of a resident considering bias of recognition degree of refuge areas by using the parameters estimated in this paper. Following this study, the present model for city evacuation [1] [2] will be refined by incorporating the recognition model developed in this paper. It is expected that the refined model will be able to predict the evacuation behavior more reasonably and become an effective tool for evaluation of evacuation safety measures.
